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NOVEL ANTIMieHOBIAL PEPTIDES FROM BOVINE NEUTROPHILS 

This invention was made with Government support under Grant 
No. AI-22931 , awarded t>y the National Institute of Health. The Government has 

certain rights in the invention. 

5 Throughout this application, various put>lications are referred to 

within parenth^is to more fully cfisdose the state of the art The disdc^res 
of these references are herei^y incorporated by reference. 

BACKGROUND OF THE INVENTION 

This invention relates generally to antimicrobial p^des, and, 
10 more spedficatV. to /9-defensln peptides and their uses. 

The cytoplasmic granules of polymorphonuclear leukocytes 
(neutrophils, PMN) contain numerous antimicrobial polypeptides which equip 
these cells to inactivate ingested microbial targets. These granule proteins 
constitute an antimicrot)ial arsenal which includes defensins, a femity of t)road 
15 spectrum antil^otic peptides which are released into the phagosome during 
phagolysosome fusion. 

It has been previously demonstrated that the large grarujles of 
bo^rine neutrophil contain potent microbicidal peptides which are structurally 

distinct from defensins. These include three argininenich peptides, tenned 

» ■ 

20 bactenedns, v^ch efficiently kill several gram positive and gram negative 
bacteria in vitro. Recently, the isolation and diaracterkafion of a novel 
tridecapeptide amide from bovine neutrophils was reported. Termed 
indolicidin, this cationic peptide was shown to t>e unusually rich in tryptopha n, 
^ah^to^fwe^otert^bacteriddal acti^rtty against £. coli and S. aureus. 
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The ability to develop new therapeutics, especially aganst fungal 
and viral pathogens, is self evident Discovery of new drugs of both classes is 
an urgent priority, as e)dsting drugs are quite toxic and few in number. 

In investigating the pr^ence and biologic role of defensins in 
5 bovine neutrophils, a new antimicrobial peptide was discovered. Though 
p^sessing some feature of defensins, namely their similar size, cationicity, 
and the presence of three intramotecular disulfides, the txivine peptides differ 
significantly in structure from defensins, and thus represent a new dass of host 
defense peptides. To distingi^ them from das^cal defenans, this novel 
10 peptide family is termed 6el8-«fefeiis//)s. 

SUMMARY OF THE INVENTiON 

The present invention provides polypeptides useful as 
antimicrobial agents. Thirteen peptides from the granule-rich subcellular 
fraction of bovine neutrof^ils have been purified and characterized. These 
1 5 molecules possess broad spectrum antimicrobial activity at concentrations as 
tow as 0.5 ug/ml. Common features of the peptides indude their cationidty, 
and the presence of multiple cysteine residues. These peptides are useful as 
antimicrpbted compounds in human or veterinary medidne. or as agents in 
agricultural, food sdence. or industrial explications. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

Rgure 1. Gel fiitratlon chromatography of bo^ne neutrophil 
granule extract Acetic add extract of a granule-enriched fraction from 1.3 x 
10^° neutrophils was chromatographed on a Ko-Gel P-60 column as descrit>ed 
in I^aterials and Methods. Fractions corresp onding to Peak E wer e lyop hOized 
25 and subjected to further purification as shown In Figure 2. 
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Figiira 2. Reversed phase HPLC of Peak E fracti ns. One 

tenth of the pooled fractions from Peak E (Fig. 1) was loaded on a 1 x 25 cm 
Vydac C-1 8 column equilibrated in 0.1% TFA/water (solvent A) at a flow rate of 
3.0 ml/minute. A linear gradient of acetonltrile (20% to 45%) containing 0.1% 
5 TFA (solvent B) was applied at the rate of b.33% per minute. Fracttons were 
collectBd using the peak cutting mode of a Pharmacia Frao-200 fractton 
collector. The identity of the beta-defensin{s) eluting in each peak is indicted 
by the numt)ers 1 to 13 which corresponds to the nomenclature h Table I and 
Figures. 

10 Figure 3. Analytical RP-HPLC of purified beta-defenslns. 0^ 

to 1 MO of each purified peptide was injected onto a 0.4 x 25 cm Vydac C-18 
column mn at a flow rate of 1.0 ml/minute. Solvents are the same as in Rgure 
2. Gradient conditions: 10% B to 50% B In 25 minutes. 

Figure 4. Add-urea gel of purified beta-defen^ns. A 2 ng 

1 5 sample of each peptide was toaded onto a 1 2.5% add-urea polyacrylarrvde gd 
which was electrophoresed for 4 hours at 250 V. A 100 ng sample of crude 
add extract from bovine neutrophil granules (Bet) was run in parallel. Staining 
was with Coomassie Blue containing 15% formalin. 

Rgurs 5. Amino add sequences of bovine neutrophil beta- 
20 defensins. Th3 primary structuros of BNBD 1-1 3 is shown in single letter code 
(SEQ ID NOS: 1-13). The sequences are aligned to demonstrate the most 
conserved amino adds whidi have bBen outiine. Tbe mimtieririg of residues 
is indexed to the longest of tfie beta-defensin peptides. 

!rigur« ^ Amino acid sequence of bovine tracheal 
25 antimicrobial peptide (TAP) (SEQJD NO: 15) and the beta-defensin, 
consen us (SEQ ID NO: 14). The beta-defensin consensus consists of 27 
residue positions in which the amino add is absolutely consen^d (1 1 residues) 
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or where conservative or limrted substitutions ccur (16 residues) :h, 
hydrophobic (= Leu. Ue. Val. or Phe): SfT, Ser or Thn P/a Pro or Arg. The 
disulfide connectivities as determined in BNBp-12 (ref. 31) are also shown. 

nguT« 7. Antibacterial activHies of purified beta defensins. 

5 Nutrient agar plates seeded with E. coli ML35 (•) or S. aureus 5Q2A (o) were 
used to assess antitsacterial activity of 13 neutrophil tseta-defensins in addition 
to rabbit defensinNP-l.bactenedndodecapeptide. and Indolicidin. Activity is 
expr^sed as the cfiameter of clearing (mm) resulting from the application of 5 
u\ of peptide at the concentrations shown. 

10 Hgure 8. Strategy for determination of the disulfide bonding 

pattern in BNBI>12. Native BNBD-12 (SEQ ID NO: 16) was subjected to 
digestion witii trypsin as described in Materials and Methods. Fragments 
(Identified by bracketed nomendalure) (SEQ ID NOS: 17-20) ¥were purified by 
RP-HPLC (Rgs. 9-11) and characterized. Amative structures of 1^2 are 

15 enclosed in the single lined box. Fragments ouOined witti double lines contain 
disulfides present in native BNBD-12 (bottom of figure). 

Figures. RP-HPL£ of the tryptic digest of native BNBD-12. 

. Approximately 7.5 nmol of trypsin-digested BNBD-12 was purified by gradient 
elution on a vydac C-18 column. Flow rate wse 0.1 ml per nun; sdv^ A was 
20 0.1% TFA ffi water, solvent B was 0.1% TFA in acetonltiile. Gradent conditions: 
0 ■> 40% (80 minutes). The msyor tryptic fragnr»nts are labelled T-1 , T-2, and T^ 
3. The peak ehiting at 80 minutes was determined to be undigested BNBD-12. 
The peak labelled T-3* was characterized by amino add analysis and 
determined to be a des-Pro-Val-Lys T-3 fragment 

25 ggur(ft^i^CL_RP-HPLg pu rification of the producte_of peijtormjc^ 

aeid-oxidati n of tryptic peptide T-3. Six nmol of "^3 was treated witti 
performic add and ttie reaction products were purified n a Vydac C-18 
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column. Solvents and flow rates were as in Rgure 9. Gradient oorKiitions: 0- 
40% B (60 minutes). 

Rgure 11. RP-HPLC of the produets of Edman degradation 
of tryptie peptide T>2. Following a single step of Edman 'degradati(»i, tiie 
5 aqueous phase products were separated on a N^dac C-18 column. Solvents 
and flow rates were as in-Figure 9. Gradient conditions: 0-25% B (60 minutes), 
25%-50% B (10 minutes). 

Rgure 12. Comparison of beta-defenein and defensin 
covaient structures. Consensus sequences for defenslns (SEQ 10 NO: 22) 

10 and beta-defenslns (SEQ ID NO: 21) are shown 'm a single amino add code. 
T/S wid P/R are shown in positions in the beta-defenan consensus where ordy 
two alternate residues appear. Gysteffieconnrctivities are shown as sdid lines. 
A. Alignment indexed to the cartxixyl terminal C^-Cys dipeptides. B. 
Maximized alignment generated t3y insertion of a 3 residue gap near the 

15 cartxaxyl terminus of the beta-defend consensus, and a 5 residue g^ near 
the amino terminus of the defenan consensus. 

Rgure 13 shows the bacteriddal activity of BNBD 3. 4, 11, and 
13 against S. aureas. 

Rgyre 14 shows the bactericidal acti\^ of BNBD 3. 4, 11, and 
20 13 against £ eof/. 

Rgure 15 shows the fungiddal activity of BNBD 3, 4. 1 1 , and 13 
again^ Candfda a/hrcans. 

Figure ISshowrs the fungidda l activit y of BN BD 3,4, 11 . and 1 3_ 
against Cryptococcus neoformans. 
25 Rgure ^7•3^ show the antifungal activities of /9-defensins. 
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DETAILED DESCRIPTION OF THE INVENTION 

The Invention provides smaD peptide molecules, termed ^- 
defenans, vvhich express a broad range of antimicrobial acbvity, and for this 
reason are tseful antimicrobial agents. 

As used herein, the term "^-defensin" refers to peptides having 
generally between about 38 and 42 amino adds which maike up a chain having 
a net charge of +4 to +10. Illustrative sequences are provided In Figure 5, 
They are further characterized t>y their content of half-cysteine residues whi* 
are distributed in the peptide chain a a generally cor^rved fashion: the first 
and second half-cysteines are separated by 6 intervervng residues; the secortd 
and third half-cysteines are separated by 4 intervening residues; the third and 
fourth half-cysteines are separated by 9 intervening residues; tfie fourth and 
fifth half-cysteines are separated tiy 6 intervening residues, and the fifth and six 
half-cysteines are adjacent Furthermore, the cysteine residues are paired via 
disulfide bonds in a characteristic manner the first cysteine to the fifth cysteine; 
the second cysteine to the fourth cysteine, and the third cysteine to the MClh 
cysteine. Some /9-defensins are characterized by a pyroglutamate r^due at 
the amino terminus winich makes these molecides resistant to most 
aminopeptidases. ^-defensins are further characterized by their broad range 
of antimicrobial actiN^. 

It should be apprBdated ttiat various modifications can be made 
to the ^-defensins amino add sequence without diminishing the antimicrotrial 
acthrity of the peptide. It is intended that peptides exhbit^g sudi modifications, 
induding amino add additions, deletions or sul>stltutions are within the scope 
25 of tiie invention. 

This invention provides an isolated nudeic acid molec ule vyhjdj^ 
encodes an ammo acid sequence corresponding to a p-defensin peptide. 
Examples of such nudeic adds indude, but are not limited to the nucleic adds 
encoding BNBD-1 to -13. The Irtvention also encompasses nudeic add 
30 molecules which differ from that of the nudeic add mole^te whuch encode 
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these amino add sequ noes, but v^di produce the same phenotj^ic effect 
Th^e altered, but phenofypicaliy equivalent nucleic add molecules are refen^d 
to as ""equivalent nucleic adds". And this invention also encompasses nudeic 
add molecules characterized by changes rn non-coding regions that do not 
5 alter the phenotype of the |:x>iypeptide produced therefrom vi^en compared to 
the nudeic add molecule described hereinabove. This invention further 
encompasses nudeic add molecules which hybridize to - the nudeic add 
molecule of the subject Invention. As used herein, tiie term "nudeic add" 
encompasses RNA well as single and double-stranded D^4A and cDNA. In 
10 addition, as used herein, tire term "polypeptide encompasses any naturally 
occuning allelic variarrt thereof es well as man^ade recombinant forms. 

Use of the phrase "substentially pure" in the present spedfication 
and daims as a modifier of peptide cr prot^ means that the peptide or protein 
so designated has been separated from its in vivo cellular environmenL As a 
15 result of tiie separation and purification, the substantially pure peptides and 
proteins are useful in i^ays that the non-separated impure peptides or proteins 
are not 

As used herein, the term "substantially the same sequence" refers 
to a peptide sequence either identical to, or having considerable homology 

20 witii, for example, the sequences BNBD-1 through BNBD-1 3 as shown in Figure 
5. It is understood tiiat limited modifications can be made to the peptide v^di 
result in enhanced function. Likewise, it is also understood that fimited 
. modifications can be rr^e witi^out destrc^g the biological function of the 
peptide and that only a pc»lion of tiie entire primary staicture may be reqiired 

25 in order to affect activity. For example, ntinor modifications of these sequences 
wWch do not completely destroy tiie activity also fafl witiiin this defirtition and 
wittiin the definition of the compound daimed as such.-- Modifl 
include, for example, additions deletions or substitutions of amino add 
r^idues, substitutions witii compounds that mimic amirK) add structure or 

30 function as well as the additim of chemical moieties such as amino and acetyl . 
groups. The modifications can be deGberate or can t>e aoddental such as 
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through mutation In hosts which produM ^-defensm peptides exhibiting 
antimicroblal activity. All of these modifications are Included as long as the 
peptide retains Its antimicrobial activity. 

As used herein, the term "antimicrobial actiNnty" refers to the ability 
5 of a compound to inhibit or irreversibly prevent the growth of a microorganism. 
Such irtfjibition or prevention can l)e -ttirough a microtMCidal action or 
microbistatic inhibition. Therefore, tiie terni "microbiddal inhibition" as usBd 
herein refers to the abifity of the antimicrobial compound to kill, or Irrevocably 
damage the target organism. The term "microbistatic Inhibition' as used herein 
10 refers to the growtti of tiie target organism without death. Microbicidal or 
microtsistatic inhlUtion can be appTied to eittier an environment eitfier presenUy 
exhibiting microbial growtii O-e., tiierapeutic treatment) or an environment at risk 
of supporting such growtii fi.e., F»iBvention or prophylaxis). 

As used herein, tiie tenn "environment capable of sustaining 
15 microbial growtif refers to a fluid, substance or organism where microbial 
growth can occur or vwhere microbes can exist Such environments can l>e, for 
example, animal tissue or bodily fluids, water and other liquids, food, food 
products or food extracts, crops and certain Inanimate ejects. It Is not 
necessary that the environmerrt promote the growtii of the microlse, only that 
20 it permit its subsistence. 

JhQ following abbreviations are used herein: DFF> dfisopropyl 
fluorophosphate; RP-HPLC. reversed phase high pwfbrmance liquid 
chnxnatography; TGA. trifluoroacetic add; HFBA, heptafluorobutyric acid; SDS; 
sodium dodecyl sulfate; DTT, dithiothrellol; PTH, phenylthiohydantoin: TSB, 
25 trypticase soy broth: PAGE, polyacrylamide gel electrophoresis; BNBD, bovine 
nQutrophil beta-defensin; TFA . trifluoroacetic add; TPC K , to sylamide-2- 
phenylethyl chbromethyl ketone; PITC. phenyfisothiocyanate. 

The ^-defen^n peptides of the pr sent invention can be 
syntheazed by methods well knovwi in the art such as tivough the use of 
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automatic peptide ^ntheazers. by recombinant methods r weli-known manual 
methocte of peptide synth^. in addition, they can be purified from natural 
sources such as white blood ceOs and possibly from various epitfielia of 
vertebrate, preferably mammalian, origin. Such cells or tissues can be okitained 
5 from goats, sheep, b'son and other such ruminants by means well-known to 
those skOled in the art 

As used hereh, ^-dsfensin peptides encompass both naturally 
occurring and recombinant fwms, le.. non-naturally occurring forms of the 
protein arid the polypeptide which are sufiideritly ideriticai to naturally occurs 
10 ^-defer^in peptide to allow possession of similar t^oiogical acti\rity. Examples 
of such polypeptides includes the pcriyp^des designated BNBD-1 to BNBD- 
13. but are not Drrtted to them. Such protein and polypeptides Include 
derivatives and analc^. 

Also provided by tiiis invention are the nudeic add sequences 
15 encoding the B-defensIn peptides, vectors and host cells containing them and 
metiiods of expression. 

After the peptide of tiiis invention ts isolated, nucleic adds 
encoding tiie peptides are isolated by metiiods well known in the art, Ipfra.. 
These isolated riudeic adds can k>e iigated into vectors and introduced into 
20 suitable host ceDsfwexpressiai. Methods of ligation and expression of nudac 
adds within cells are wefl known in the art see ManiatissUl- (1989) (Motecu}qr 
. cionina: A Lf *'» prP*^ Manual. Cold Spring Harbor Laboratory, Cold Spring 
HartHDr. NY), incorporated herein by reference. 

Several types of vectors are available and can be used to practice 

_25 _ *iLs_ Jnvendon,_a.g.,_piasm|d,. DM_and .RNAJdiil J^edjors. 

and vectors for uss in y asL When the vector is a plasmid, it generally 
contains a variety of components indurfmg promoters, signd sequences, 
phenotypic selection genes, origin of replication sites, and other necessary 
componaits as are known to those of skfll in Ihe art 
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Promoters most commonly used In prokaryotic vectors Include the 
lac Z promoter system, the alkaline phosphatase BbS A promoter, the 
bacteriophage XPL promoter (a temperature sensitive promoter), the tec 
promoter (a hybrid tro-lac promoter that Is regulated by the iac repressor), the 
5 tryptophan promoter, and the bacteriophage T7 promoter. 

One other useful component of vectors used to practice this - 
Invention is a signal sequence. This sequence Is typically located Immediately 
5' to the nudeic add encoding the peptide, and will thus be transcribed at the 
amino terminus of the fusion protein. However, In certain cases, the signal 

10 sequence has been demonstrated to be located at positions other than 5' to 
the gene encoding the protein to be secreted. This sequence targets the 
prot^ to which It is alteched across ttie inner membrane of the tjacterial ceD. 
The DNA encoding the signal sequence can be dstaned as a restrictton 
endonudease fragment from any nudeic add encoding a p^de that has a 

15 signal sequence. Suitable f^karyotic signal sequences can be obtained from 
genes encodnig, for example, LamB or OmpF (Wong et al.. Gene 68:193 
(1983)). MalE, PhoA, OmpA and other genes. A preferred prokaryotic signal 
sequence for practicing this invention is the E coB heat-statjie enterotoxin II 
(Sni) signal sequence ss described by Chang et aL. Gene 55:189 (1987). 

20 Another useful component of the vectors used to practice this 

Invention is a phenotypric sdection gene. Typical phenolic selection genes 
are those encoding proteins that confer antibiotic resistance upon the host cell. 
. By way of Illustration, the ampldllin resistance gene famo^. and the telracydine 
resistance gene (tgj) are readily emptoyed for tills purpose. 

25 Construction of suitable vectors comprising the aforementioned 

_c»mpOTerTte_^vM J3B tiie_ gene e ncodin g tiie .desired polypeptide.^ 
prepared using standard recombinant DNA procedure. Isolated DNA 
fragments to be combined to form the vector are deaved, tailored, and ligated 
togetiier in a specific order and rientation to generate the desired vector. 
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The DMA is cleaved using the af^sropriate restriction enzyme or 
enzymes in a suitable buffer. In general, about 0.2-1 ^g of plasmid or DNA 
fragments is used with about 1-2 units of the appropriate restriction enzyme in 
about 20 mI of buffer solution. Appropriate buffers. DNA concentrations, and 
5 incubation times and temperatures are ^dfled txy the manu^K^turers of the 
restriction enzymes. Generally, inojbation times of aboiA one or two hours at 
37°C are adequate, although several en2ymes require higher temperatures. 
After incubation, the en^mes and other contarrvnants are removed by 
extraction of the digestion solution with a mixture of phend and chlorotom and 
10 the DNA is recovered from the aqueous fracticm by predpitatton with ethanol. 

To ligate the DNA fragments together to form a functional vector, 
tha encte of the DNA fragnnwits must be oompatibie with each other. In some 
cases, the ends will be direcdy compatit>le after endonudease digestion. 
However, it may be necessary to first convert the sticky ends commonly 

15 produced by endonudease digestion to t)lunt ends to make them compablsle 
for figation. To blunt the ends, the DNA is treated in a suitat}le buffer for at 
least 15 minutes at 15°C with 10 units of the Klenow fragment of DNA 
polymerEise I (Klenow) in the presence of the four deoxynudeotide 
triphosphates. The DNA is then purified tsy phenol-chloroform extraction and 

20 etfianol pred^^talion. 

The deaved DNA fiagments are size-separated and selected 
using DNA gel electrophoresis. The DNA is electrophoresed tfvough either an 
agarose or a polyacTylamide matrix. The selection ofthematrlxwiD depend on 
the size of the DNA fragments to be separated. After electrophoresis, the DNA 
25 isextradedfromthematrixbyelectroelution. or. if low-melting agarose is used 
as the matrix, by melting the agarose and extracting the DNA from H 

The DNA fragments that are to be ligated together (previously 
digested with the appropriate restriction enzymes such that the nds of each 
fragment to be ligated are compatit^) are put in sc^ution in at)out equimolar 
30 amounts. The solution will also contain ATP, iigase buffer and a Ggase such as 
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T4 DMA Jsgase at about 1 0 units per 0.5 fig of DMA; If the DMA fragment is to 
be iigated into a vector, tlie vector is at Gnearized b)f cutting with the 
appropriate restriction endonudease(s). The finearized vector can then t>e 
treated with allcaiine phospfiatase or calf intestinal phosphatase. The 
5 phosphatasing prevents seif-Tigation of the vector during the ligation step. 

After ligation, the vector with the foreign gene now inserted is 
transfomfied into a suitable host cell. Suitable jarokaryotic host cells include g, 
coll strain JM101, E cofi K12 strain 294 (ATCC number 31,446), E. cofi strain 
W31 1 0 (ATCC number 27,325), X1776 (ATCC number 31,537), ^. colj 

10 XL-1Blue (Stratagene), and E; coll B; however, many other strains of E. ooH. 
such as HB1 01. NM522. NM538, NM539 and many other species and genera 
of prokaryotes can be used as well. In addition to the E. coll strains listed 
above, bacilli such as Baenius subMlfis. other enterobacteriaceae such as 
Salmonella tvohimunium or Sarratia mareesans and various Pseudomonas 

15 species can all be used as hosts. 

Transfonnation of prokaryotic cells is readily accomplished using 
calcium chloride or other methods well known to those skilled in the art 
Bectroporation (Neumann et aL. IMBCLL 1:841 (1982)) also can be used to 
transfbmn these cells. The transformed cells are selected by growth on an 
20 antibiotic, commonly tetracycline (tet) or amplcillin (amp), to which they are 
rendered resistant due to ths presence of tet and/or amp resistance genes on 
the vector. 

After selection of the transformed cells, these ceUs are grown in 
culture and the plasrrad DNA (or other vector with the foreign gene inserted) 
25 B then isolated. Piasmid DNA can be isolated u»ng methocte known in the art 
This purified piasmid DNA is then analyzed by restrictio n mapping and/ or DNA 
sequendng. 
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F oliomng procedures outGned above, mammalian cell Ones such 
as myeloma {Pa€53), hybridoma (SP2/0), Chinese Hamster Ovary (CHO), 
Green monkey kidney (C0S1) and murine fibroblasts (L492) are suitable host 
cells for polypeptide expression. Th^e "mammalian" vectors can Include a 
5 promoter, an enhancer, a poiyadenylation signal, signal sequence and genes 
encoding selectable markers such as geneticin (neomycin r^lstance). 
mycophenolic add (xanthine guanine phosphoribosyl transferase) or histidind - 
(h'Btidinol dehydrogenase). 

Suitable promoters fori^ in mammalian host cells include, but 
10 are not limited to. ig Kappa, ig Gamma, Cytomegalovirus (Cf^ immediate 
early, Rous Sarcoma Virus (RSV). Simian vims 40 (Sy40) early, mouse 
mammary tumor (MMTSO vin« and metallothioneln. Suitable enhancers include, 
but are not limited to ig Kappa. Ig Heavy, CMV early and SV40. Suitable 
poiyadenylation sequences include Ig Kappa, Ig Gamma or SV40 large T 
15 antigen. Suitable signal sequences include Ig Kappa. Ig Heavy and human 
igrowth hOnnone (HQH). 

When the vector is baculov^. suitable promoters and enhancer 
sequences Include, but are not fimited to AcMNPV polyhedrin. AcMNPV ETL 
and AdwINPVpIO sequences. One particularly sul^le polyadenylatbn signal 
20 Is the polyhedrin AcMNPV. Ig Kappa. Sg Heavy and AcMNPV are examples of 
suitable signal sequences. These vectcn^ are useful in the fblbvinng insect cell 
lines, among oth^: SF9. SF21 and High 5. 

Alternatively, the polypeptides can be expressed in yeast strains 
such as PS23^ W301-18A. L120. D234-3, INVSC1. INVSC2. YJJ337. 
25 Promoter and enhancer sequences such as gal 1 and pEFT-1 are useful. Vra-4 
also provides a suitable enhancer sequence;_^egignoe^ as functional 
"origins of repOcatbn" include arsi and 2n circular plasmid. 
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This tnverrtion further provides the peptide produced 
recombinantly. Methods of produdng the peptides recornttnaritlyalos is 
the soc^ of this invention. This method comprises growing the host cell 
containing a nucleic acid encoding a peptide under suitable conditions such 
5 that tlie nucleic add is transcribed and/or translated and isolating the peptide 
so produced 

Altemativaly, the ^-defensin antimicrobial peptides can be 
chemically syrrthesized using syntheste procedures known to one billed in the 
art Preferably, an automated peptide synthesizer such as MOIigen, Model 9050 
10 (Mllligen, Mffliford, Mfi^ is used in corijunction witti IsP-Fmoc ammo adds on a 
polyetii^ene glycoi-pdystyrene (PEG-PS) graft resin. Suitable linkers such as 
a peptide amide Enker (PAL) can be used, for example, to create carboxamkle 
end groups. 

NuiDerous modifications are contemplated according to this 
15 inverrtion. Besides the obvious sq3proach of replacement of specific residues 
in the natural sequence, an alternative emlx>diment involves synthesis of the 
peptide from D-amino'adds thus minimizing potential inactivation by proteases. 
Such means are well known In the art See, for example, Wade et al., PNAS, 
USA 87:4761-4765 (1990). 

20 Anti-^-defen^n antibodies can be made by metiiods conventional 

in the art For example, potydonal antiserum can be raised in appropriate 
. animals, ajch as rabbits, mice, or rats. )5-defenan peptides, eitiier synthetic or 
naturally otrtained, can be used to immunize the animal. The Immunogen can 
then bQ used to immunize animals t>y means well known to those skilled In the 

25 art Serum samples are collected until the anti-p-defensin titer is appropriate. 
V ariou s fractions jolftiie^arTfeej^^ feqlated^byjTieans^^ 
knovm in the art Alternatively, ^-defensin irfimunogens can be used to obtain 
monodonal antibodies, again by means well known in the art, see for example 
Harlow and Lane, Antibodies; ^ Laboratory Manual (Cold Springs Harbor 
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Laboratory. 1988). 

The antimicrobial, or antibacterial, actiMty of ^-defer^ns can be 
measured against various patliogens. Microorgariisms are grown to 
appropriate conoentration, mixed witii an appropriate medium, sudi as an 
5 agarose-typticase soy medium, and contacted with solutions of the /s-defensins. 
After appropriate incubation, the antimicrobial activity is apparent from dear 
zones sunouncfing tiie antibacterial samples. The dear zones are 
concentration dependent Anti-/9-defensin antibodies can be used to determine 
ttie presenoB of /9-defensh in biological samples, such as histological samples. 
10 Ah appropriate detectable second antibody can tiien be used to identify such 
as 1^ visualization, the prbnary antftx>dy attached to the ^-dsfensin. Means of 
detection indude the use of radioactive nudeotides or enzyme substrates such 
as peroxidase. 

^-defensins, eitfier purified from naturad sources or synAhetic, can 
15 be administered to a sutjject in need of therapy by various means, including 
oral administration, (xef^ably in a slow-rdease type formulation which vmU avoid 
release wittiin the stomadi. Alternatively ttiey can be administered through 
nasalgastric intubation.or transabdominal catheter. Individual spedes of /9- 
defensins can be administered sir^ly or a combination can be administered 
20 simultaneously or sequ^ally. 

Defen^ns were the first antimicrobial peptide isolated from 
. leukocytes, and until reported by the ^Bsent inventors, were the only 
phagocyt&<lerived molecules known which contain a conserved ti-dteulfide 
sbijctursd motif. Though dassicsd defenans were not detected in bo\nne 
25 neutropliUs, the search for fhem ted to the discovery of a new dass of distinct 

—but -related -peptide- antibiotics The_b^a-defiOTsins_cgrKftitut^^ 

conserved family of at least 1 3 neuti^phil peptides vwhich are characterized by 
a disulfide motif different from that of the defensin family. Also disclosed herein 
is the determination of the disulfide shuctur© in BNBD-12 and possible 
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Structural relationships between dassi^ and beta-defensins which emerge 
from a comparison of the respective cysteine connecti\ritites. 

Unlike dassical defensins which have free amino termini, 7 of the 
13 beta^efensins were found to be blocl<ed at the N-terminus with a 
5 pyroglutamyl residue which results from the en^matic cydization of N-terminal 
glutamine. Three of the beta<lefensins appear to be amino-terminal processing 
variants of corresponding fieptides virfilch are sGghitly longer. The sequences 
of BNBD-2 and BNBDS are identical to BNBD-3 and BNBD-9 respectively, 
except tf«t the latter two. peptides each have any pyrogiutamyl-glydne 
10 dipeptide extensioa in adcStion. BNBb-12 and BNBD-13 have identical 
sequKTCBS except that BNBD-13 has a Ser-Gly-De-Ser amino terminal 
teitrapeptide (Fig. 5). 

As measwed in in vitro stucfies, BNBD-2 and -3 have equivalent 
antibacterial activity agsdnst both test organisms. Similarly, the antit>acterial 

15 activities of BNBD-12 and ^BD-13 are approximately equal In contrast, the 
BNBD-8 ^s^d -9 pair cfiffer in antibacterial potency, with the more edaundant 
BNBD-9 having the greater in vitro activity (Fig. 7). TWs difference in activity 
reveals that the fs^tenrunus is a structural determinant of furtction, much as the 
^4-terminl» of human defensins plays a role in antinrncrobial potency and; 

20 function in the host defense of other tissues as weii. 

In a preferred embodiment, the present invention provides a 
therapeutic antimicrobial. Although antibacterial antibiotics are plentiful, 
antifungab are few in number. One or more of the peptides, may have utiBty 
as antifungal agents, either alone, or as lipid veside preparations. The latter 
25 approach has t>een used vnth success with the non-peptide antifungal drug 

amphoteridn Specific_apprication$_mulibBjepend^^ 

targeted. For example, C. albicans, tiie common cause of mucocutaneous 
fungal disease in AIDS patients, which is extremely susceptible to several fi- 
defensins, might be controlled In these individuals more effectively by a ^- 
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defensin-based therapeutic r in combination with existing first fine drugs. 
Similarly, /9-defensins may be used as a therapeutic in veterinary medicine. 

In a further embodiment, the present invention may be use6 as 
a food preservative or in treating food products to eliminate potential 
5 pathogens. The latter use might be targeted to the shell fish and poultry 
industries which have serious problems with enteric pathogens which cause 
severe human disease. 

In another embodiment, ^-defensins may be used as disinfectants, 
for use in any product wNch must remain microlse-frBe. 

10 In a further embodiment, ^-defen^s msy be ised as 

antimicrobials for food crops, either as agente to reduce post harvest spoilage. 
. or. expressed transgenically to enhance host resistance. 

In certain embodimerrts of the invsntion, the treatment of the 
soluble proteins comprises size exclusion chromatography, ion-exchanger 
15 chromatog^phy, or reverse-phase, Wgh performance, liquid chromatography. 
It vrill be appreciated by one sidlled in the art, however, that treatment of- 
ih|a pmtoing fn piirHy polypeptides may be aocomoDshed by many methods: 
known to those skilled in the ait. all of which are contemplated by this 
inventiort Further, in one emtxsdiment of the hventton, the treatmmt of 
20 granulocyte so as to recover granules ccxnprises density gradient 
, centrifugation. 

The invention also provides a composition wliidi comprises the 
purified polypeptide in an amojnt effective to kin bacteria or fungi and a 

sultable_canl8r._Such_compositionjTiay_bel used In nu merous w rays to comba t 

25 bacteria or fungi, for exannple, in household or laboratory antimicrobial 
fonnulations using earners well known in the art 
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The Invention further provides a phannaceutical compc»ition for 
treating a human bacterial or fungal Infection which comprises the purified 
polypeptide of the invention in an amount effective to treat a human bacterial 
or fungal infection and a pharmaceutically acceptable carrier. 

It should be understood that the compositions of the present 
Invention have activity against a wide variety of microorganisms, such as fungi, 
bacteria (both gram positive and negative), and protc^oa and viruses. Different 
compositions will have differing degrees of activities towards different 
organisms. The peptides of the present invention may also be combined with 
other proteins to act as preservatives to protect the protons against bacterial 
degradation. Altematively, the suljject polypeptides or compositions may be 
used as preservatives and cB^nfectants in a v»ride variety of fbmiulations. ajch 
as contact lens solutions, ohtments, shampoos, medicaments, foods, ard the 
Oke. The amount of the polypeptide which Is empicyed In the compc^tions 
may vary depending upon the ns^ure of the other con^nents, the degree of 
protection required and the Intended use of the composition. 

Where the polyp^tides are to be used as antimicrobial agents, 
they can be fomiulated in buffed aqueous media contauning a variety of salts 
and buffers. The salts wfll for the most part be alkali and alkaline earth halldes, 
20 phosphates and sulfates, e.g., sodium chloride, potassium cWoride or sodium 
sultette. Various buffetrs may be used, such as dtrate, phospf«te, HEPES, Trie 
or the Bke to the extent that such buffers are phystologically acceptable to the 
,. host which is being treated. 

Various exdplents or other additives may be used, where the 
25 compounds are formulated as lyophiTized powdere. for subsequent use in 

solution. The exdp'ents may include various polyob, inert powders or other 

extenders. 
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Depending on the nature of the forrnuiation and the host the 
subject compounds may be administered in a variety of ways. The formulations 
may be applied topically, by injectioa e.g„ intravenously, intra peritoneally, etc., 
nasopharyngeally, etc 

5 TheinventionfurtherprovidesamethodforldllingbactBn^ 

which comprises contading the bacteria or fungi with an effective amount of the 
competitions described above. Effective amounts may be readily determined 
by those sidUed in the art 

The invention further provides a method for treating a subject 
10 having a bacterial or fungal infection which comprises administering to the 
subject an effective amount of the pharmaceutical composition descrbed 
above. 

In another aspect of the invention, the composition comprising the 
purified polypeptide of the invention in an amount effective to kill bact^a or 

15 fungi and a suitable carrier; and the pharmaceutical composition for treating a 
human bacterial or fungal infection which comprises the purified polypeptide of 
the invention in an amount effective to treat a human l^acteriai or fungal 
infection and a pharmaceutiraUy acceptable carrier may additionally comprise 
a detergent The addition of a detergent to such compositions is useful to 

20 enharK^e the antibacterial or antifungal characteristics of t^^ 

of the inventioa Although any suitable detergent may be i^ed. the presently 
preferred detergent Is a nonlonlc detergent such as Tween 20 or 1% NP40. 

The invention also provides a pharmaceutical composition for 
treating a human bacterial or fungal infection which comprises the purified 
25 polypep tide of the inventionJi an amount e ffective to treat a human bac^eiM 
or fungal Infection Incorporated into a pharmaceutically acceptable liposome. 
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It wiO be readOy understood isy those skDied in the art that any 
suitable phannaceutically acceptable liposome may be used as a vehicle for the 
polypeptide of the present invention. Such Dposomal compositions have 
activity agannst a wide variety of rfiicroorganfems similar to the activity of other 
5 compositions of this invention cfecussed in more detail above. Additionally, 
these COTiposftions may be administered in a variety of conventiwial and well- 
known ways as is also discussed in greater detail above. 

The following examples are intended to illustiate but not limit the 

invention. 

10 EXAMPLE I 

Materials and Methods 
Bovine neutrophils. Polymorphonuclear leukocytes (PMN) were 
purified from 1 L batches of fresh dtrated bovine blood. FoDowring 
sedimentation at 40 minutes at 700 x g and 37C the erythrocyte column was 
1 5 subjected to 7 seconds of hypotonic lysis, after which isotoniclty was restored 
using 3x phosphate buffered saline. The leukocyte-rich suspension was then 
sedimented at 120 x g (4^. 15 minutes). Residual erythrocytes were lysed by 
repeating this procedure 1 or 2 times. Aliquots were removed for quantitation 
by homo^tometry and cfiffersrdia! counts. Pn^arations obtaned by tfils 
20 procedure contained an average of 4 x 1 0^ cells per L of whole blood of which 
97 ± 3% were neutrophils. Half of the preparations were treated wltti 2 mM 
dlsoprt^uoropho3phale(DFF^). NeutrophBpreparationsweretiencooled 
. to 4"C for 20 nnnutes and cfisaspled by nitrogen cevitafion in a Parr bomb (21). 
The cavitate was centrifuged at 800 x g for 10 minutes at 4»C. and the granule- 

25 containing supernatant vtss collected. Granules were harvested by 
centrifugation at 27,000 X G for 40 minutes and stored at -aO^C. 

PMN Granule extracte. Preparations of frozen granules from 1-5 
x 10'°PIWN were extracted with 5 ml of ice cold 10% acetic add per 1 x 10^ cell 
equivalents. After stining on ieo for 18 hours, the suspension was clarified by 
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cerrtrifugation at 27,000 x G for 20 minutBS at 4"'C and the supematante were 
iyophllized and stored at -TCPC. 

Size exclusion eliromatography. Lyophilized granule extract was 
dissolved In 10% acetic add at a concentration of c& 1 x 10^ ceD equivalents 
5 per ml, clarified t>y centrifugation, and loaded onto a 4.8 x 110 cm column of 
BtoGel P-60 equfibrated in 5% acetic acid. The column was run at 8°C wrtth ari 
elution rate of 2 cm per hour, and 15 ml fractions were coDected with 
continuous moratoring at 280 rm 

Reversed phase HPLe (RP-HPLC). Ijow molecular weight 
10 components eiuiing from the sSzb exclusion column vwere further resolved toy 
RP+IPLX; on a Waters 510 binary system on a 1 x 25 an Vydac C-18 column. 
Water and acetonitrile containing 0.1% trifiuoracatic add (TF^ or 0.13% 
heptafluorobutyric add (HFBA) were used for gradient elution. Purified 
peptides were lyophilized, dissolved in 0.01% acetic add at 500 uglTvi, and 
15 stored at -70°C. 

Pe»lyacrylamldd gel electrophoresis. Sodium dodecyl sulferte 
(SDS; Ring et al.. Anal. Biocham. 155:83^ (1988)) and add-urea (Selsted et 
al., Anal. Biocham. 155570-274 (1986)) gel ©tedrophoresis were used to the 
^timate mdecular mass and/or purity of protein preparations (Selsted at al., 
20 //ifect /mmiOT. 45:150-154 (1984)). 

Amino acid analysteo The amino add compo^n of each 
peptide was detennlned on 6 N HCI hydrolysales (2 hours, 150PC) of native 
and performic add-oxidlzed, or reduced and allcylated samples (Bindlingmeyer 
et aL, J. Chmmatogr. 336:93-1 04 (1 984)). Tryptophan content was determined 

_25 by sequent* suialysis and by spectroscoy»c measuremertt-on a BeclOT 

60 spectrophotometer (Endelhoch, Biocham. 6:1948-1954 (1967)). 
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S quenee Analysis. Samr^es lor sequence analysis were 
reduced with DIT and alkylated with vinyl pyridine or iodocetamide (Henschen, 
Advanced Methods in Prptain MIcrpsBQ. Anal. - SDrinaer-Veriag Berlin 244-255 
(1986)), and purified by RP-HPLC. Two cycles of manual Edman degradation 
5 (Klemm. infia)) were performed on ail samples to identify N-terminally blocked 
peptides. Three to 4 nmol of each N-blocked peptide was incubated with 2 ng 
of pyroglutamate amino peptklase (Boehringer Mannheim) for 5 hours at room 
temperature in 50 /&I of 0.1 M sodium phosphate, 0.01 M disodium EDTA, 5 mM 
DTT, 5% glycerol. pH 8.0. The deblocked peptide was then purified by RP- 
10 HPLC prior to automated Edmah sequence analysis. Automated sequence 
analysis was performed on en Applied Biosystems 475A instrument configured 
with on-line PTH-arruno add analysis. 

Cartx>xyl temiinal ammo acids were determined by amino add 
ansdys's of residues release by carboj^peptidases A or Y (Ambler. Methods 
1 5 En^oL 25:1 43-1 54 (1 972)). Approximately 1 nmol of S-alkylated peptide was 
dissolved in 50 mI of 0.05 M sodium phosphate buffer, pH 8.0 or 0.125 M 
ammonium bicarbonate. pH 8.0, containing 3 to 6 of cartwxypeplidase A 
(Boehringer Mannheim) for 20 to 60 minutes at 37°C. Released tryptophan was 
Identified by ite co-elution with authentic tryptophan on RP-HPLC. 

20 Mass spectrometry. Native peptide mass was determined by 

po^e bn fast atom bombardment mass spectrometry on a VG 7070E-HF 
instrument Scans were from 3450-6200 mAc at a scan speed of 300 seconds 
. per decade with a resolution of 500 for 5 cumulativB scans. Ions were 
generated by bombardment of ttie mete-nltrolbenyl alcohol matrix a neutral 

25 xenon atom beam accelerated under an 8 kv potential. 

Tfypsin-and chymotiypsln_treatmenL_Prot^ytic^g 

selected peptides was carried out with a-chymotrypsin (Boehringer Mannheim) 
or tosylamida-2-phynylethyl chloromethyl ketone-treated trypsin (Worthington). 
S-pyridylethylated peptide (ca 2 nmoO was dissolvsd in 50 n\ 0.125 M 
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ammonium bicartx)nate and in^iaated witti 02. fig of enzyme at 37°C for 1 to 
5 minute. Peptide fragments were purified by RP-HPLC, characterized by 
amino add analysis, and in some cases sequenced. 

Antimlcrobialassay. £sc/)e//c/)/a co//Ml^andS£ap/iy/ococcus 
5 aureus 5Q2A were utilized in a radial cSffusion assay recently desat)ed by 
Lehrer et al. (J. Immunol. Meth. 167-173 (1991)). Bacteria were grown to mid- 
log phase In trypticase soy broth (TSB). diluted Into 1 0 ml of warm (43°C) 1 % 
agarose containing 3 mg of TSB. buffered with 1 0 mM sodium phosphate. pH 
7.4. Five fti of each peptide solution was pipetted into weDs formed with a 4 
10 mm cork bored and allowed to incubate at 37°C for 3-4 hours. Plates were 
then overlaid with 10 ml of sterile 1% agar containing 2x. TSB. Following 
incidsatlon for 1 8 to 24 hours, the diameter of the dear zcme sun^unding each 
well was measured using a magnified transilluminator. 

EXAMPLE II 

15 Results 

Purfflcation o? bovine neutrophil peptidos. Previous 
electrophoretic ana^es of the add-6oliA)le proteins of bovine PMN granule 
demonstrated that these preparations contain a complex mixture of proteins 
varying in size from 1000 to 200.000 D. In order to isdate putative defensins 

20 from bowne neutrophfl granule. 1 - 3 x 10^** cell eqi^ents of add solubilized 
granule protein was tradionatsd on a BoQ^ P-60 column and antibacterial 
activity in pooled eluent fractions was assay«i as descrbed in Methods. Each 
. of the peaks (A-F in Rg. 1) contained bacteriddal activity against S. aureus and 
E ooli (data not shown). As described in a recent report. Peak F was 

25 predominantly comprised of Indoiiddin, a novel thirteen residue antibiotic 
peptide amide (Selsted et al., J. BioL Chem. 267:4292-4295 (1 992)). 



SDS-PAGE of pooled fractions from the P-60 column indicated 
tfiat most of the proteins eluting in peak E were ca. 5 kD (data not shown), and 
amino add analysis demonstrated that tfie overall cysteine content of material 
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in this peak was ca. 15%. Since these are features consistent with the size and 
composition of defensins. peak E fractions were combined and further purified 
byHPLC. 

The initial RP-HPLC purification of Peal< E fractions yielded a 
5 complex chromatogram (Fig. 2) in which most peai<s contained two or more 
peptides as detennined by acid-urea PAGE One of the earOest peala 
(indicated by * in Fig. 2) contained an antibacterial peptide of ca. 1500 D. 
Automated sequence analysis (data not shown) revealed that this peptide was 
identical to the cydlc dodecapeptide bactenedn described eariier by Romeo 

10 et al. (J. Biol. Chem. 263:9573-9575 (1988)). Subsequent steps in the 
purification of the 13 peptides described here employed modified gradient 
conditions and/or use of 0.13% HFBA as the ion pairing agent These steps 
enabled the purification of thirteen unique peptides, each of which was 
detennined to be pure by its homogeneous behavior on analytical RP-HPLC 

15 (Fig. 3) and acid-urea PAGE (Fig. 4). As described below, the peptides 
constitute a family of related peptides [bovine neutrophfl beta^Jefenslns 
(BNBDs)] which have been numbered 1-13 based on their increasing retention 
times on RP-HPLC. (Fig. 3, Table 0- Peptides eluting In unnumbered peaks 
in Figure 2 were characterized by amino add analysis and SDS-PAGE and 

20 Yfere either devoid of cysteine or were much larger than BNBD 1-1 3, Indicating 
that these peptides were unrelated to beta-defensins. 

The cellular content of beta-defensin peptide was estimated by 
, . quantitating the amount of homogenous BNBD 1-13 recovered, and correcting 
lor losses at each step in purification. Using add-urea and SDS-PAGE to 
25 assess recovery, we estimated that ca 80% of the cellular content of beta- 
defensins was extracted from granule enriched fractions, and that recovery 

from the P-60 column was virtually quantitative._^umingm^rec^^ 

RP-HPLC. the quantity of tiie combined thirteen beta-defensins, averaged from 
two complete purifications, was approximately 4.9 mg per 1 0" neutrophils. The 
30 most abundant beta-defensin was BNBD-3, present at approximately 2.2 mg 
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per 10" oeDs, and the quantity of each of the remaining peptides was similarly 
estimated as summarized in Tatile I. 

Amino add analyds. Hie composition of each peptide was 
estatiltehed by amino add snaly^ of native and performlc actd-oxidized or S- 

5 carboxamidc»nethylated samples, and each was analyzed at least twice. 
Absorbance scans of each of tlie peptides were carried out between 300 and 
200 nm, providing an. accurate est ima t e of tyrosine and tryptophan content 
(Edelhoch, Biochem. 6:1948-1954 (1967)). As summarized in Table I, the 
thirtem peptides contained from 38 to 42 amino acids, six of vvfuch vvere halF- 

10 cystine residues. The native peptides (fid not react with Biman's reagent or 
iodoacetamide, indicating tiiat the cysteines were most Glcely present as 
disulfides. In addition to th^r high cystrane content, the peptides were 
generally right in the tiasic amino acids ar^nine and lysine, but tyrosine and 
. alanine were relatively uncommon. 
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Sequeneo analyses. Two cycles of manual Edman d gradation 
allowed the Identification of N-tennlna] residues of six peptides (BNBDs 
1^8,11,12, & 13). The N-tenninI of the remaining seven peptides were 
detriocked with pyroglutamate aminopeptidase. demonstrating the presence of 
5 a F^rroglutamyl residue at the N-tsrmlnus of each of these peptides. Automated 
sequence analyste was carried out on 1 to 5 nmol of each S-aikylated peptide. 
RepetitivB sequencing yields averaged 93 to 97 F>ercent, allowing for 
unambiguous assignment of 511 of 519 amino adds by automated Edman 
degradation. The eight residues requiring additional steps for identification 

10 included the carboxyl temilnai tryptophan of BNBDs 1. 2, 3. 6. 11, 12. and 13. 
and the cartx)xyl terminal arginine of BNBD-4. With the exceptions of BNBD-4 
and -6, the cartxjxyl terminus of each of the eight at)ove mentioned peptides 
was determined by analysis of cartsoxypeptidase A-redeased amino adds. The 
carbo)Qrl termiruU arginine of BNBD-4 was confirmed by amino add analysis of 

15 a purified chymotryptic peptide composed of residues 33 to 41 which had the 
composition Gly (1.27). Arg (2.64). Pro (2.06). Val (0.98). Cys (1.59). The 
overall composition of tfiis fragment and its content of (3) arginine re^dues are 
consistent vwth the presence of the Arg-Arg dipeptide at the carboxyl terminus. 

The tryptophan assigned as the caitox^ terminus of BNBD^ was 
20 released poorly by carboxypeptidases A and Y. To confirm the C4erminal 
tryptophan, tfie mass of BNBD-6 vvas determined on a sample of native peptide 
by fast atom bombsrdment mass spec&x}metry. The monolsotoplc mass of 
BNBD-6 was 481 4.2 amu. in dose agreemmt with the theoretital mass of 481 6. 
. and consistent with the presence of the C-tenninal tryptophan. Further. 
25 ultraviolet spectral an^is ^elhoch Id.) indicated the presence of a single 
tryptophan in both the Intact peptide and in the cartx)xyl-tenninal chymotryptic 
fragment containing residues 33-4Z The sequences of all thirteen peptides 
wero~in"m:enent~agreement-wlth-thelr-respective-amlno add_^TO 

(Tatsle I). 
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Ihe complete amino add sequences of BNBD 1-13, shown in 
Figure 5, reveal the high degree of primary structural similarity of this peptide 
family. Like defensins, each peptide is characterized by six invariant cysteine 
residues, two of which are sequential and situated near the peptide cartwxyl 
5 terminus. However, the spacing of the other cysteine residues in the sequence 
differs from defensins, and the disulfide connectivities, detemilned In BNBD-1 2. 
differ from those of defensins (Selsted et al.. J. Biol. Chem. (1 992) (submitted)); 

In addition to the conserved cysteines, the beta-defen^n 
sequences contalri several amino adds that are highly if not at>soIutely 
10 conserved {Rg. 5). By aligning highly conservative substitutions (Ser/Thn 
Val/Ile/Leu/Phe) and one position where only Pro or Arg appears in the primary 
structures of 1 0 or more beta-defensins, a common consensus sequence of 27 
amino adds is revealed (Fig. 6). 

A sequence ^Darity search using the BLAST algorithm (Altschul 
15 et al., J. Mol. Biol. 215:4C»410 (1990)) revealed only a single protein with 
substantial identity to the beta-defensins. this being tracheal antimicrobial 
peptide (TAP), a p^tide isolated by DamOTd et al. from bovine tracheal 
epithelium pamond et al.. Pmc. Natl. Acad. Sd. USA 98:3952-3956 (1991)). 
The primary structure of TAP contains the 27-residue beta-defensin consensus 
20 sequence, though It is not identical to any of the neutrophlkJerived beta- 
defensins described here (Fig. 6). 

Antimicrobial activity of betaKlefensins. The antibacterial 
activity of each beta-defensin was evaluated using Staphylococcus aureus 502A 
and tscherichia coli M135 as test organisms. Using a sensitive radial diffusion 

25 assay, eadi peptide was tested against the two bacterial organisms with beta- 

defensinconcertrations.rangingJromJOto^ 



Figure 7 reveal the dose-dependent activity of each peptide as measured by 
the si?e of the dear zona sunounding the sample well. In most cases, the log 
of the peptide concentration was linearly related to the diameter of the growth- 
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free zone. Though the relative potencies of peptides differed, afl thirteen were 
active against E coli, and all but BNBD-1 and BNBD-5 were active against S. 
uireus in the range of concentrations tested. In most cases, the zone of 
clearing was greater against E coli than S. aureus. 

5 The entitsacteria] ac^i\nties of the beta-defensins were compared 

with those of three p-e^ously -characterized antimicrotnal peptides: rabt»t 
neutropfd defensin NP-1 , the most potent of the classical defensins, indoliddin. 
and the cydic dodecapeptide bactenedn. LDce the t>eta-defensins. the latter 
two peptides wore purified from tiovine neutrophil granules. As shown in 

10 Figure7.theanti-staphylococcalactivityof rabbit NP-1 was the greatest of any 
of the peptides tested, though the activity of NP-1 against E coli was modest 
when compared to nearty all of the beta-defensins. The potent^ of the 
dodecapeptide bactenedn was similar to that of several of the beta-defensins 
agsunst both bacteria, but less so than the most active beta-defenskts (e.g.. 

15 BNBD's 7, 9, 12. arid 13.) On a mass basis, indoliddin was the most active 
peptide against E coli, and it was neariy as active as rabbit NP-1 against S. 
aupaus. 

EXAMPLE 111 

Materisd and Mefrtods 
20 BNBD-12 purifieation. BNBD-12was purified to homogeneity as 

described (Selsted et aL, J. Biol. Cbem. (submitted)). 

Chemieals. Sequence grade pyridine, phenyfisothiocyanate 
(PrrC). trifluoroacetic add (TFA). heptane, ethyl acetate, and HQ were 
purchased from Pierce Chemical Co. Sequence grade n°butyl acetate from 

25 Aldrich. Hydrogen peroxide (30%). fonnlc add (90%) and HPLC grade water 

and-acetonltrile -were_from_ Fisher^Josylam^ 

ketone (TPCIQ-treated trypsin was from Worthington. 
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IVyptie digestion. BNBD-12(15nmolwasdigestedfor4or 24 
h at 37"C with 8 mO of TPCK4rypsin in 50 mI of 0.1 M pyridine acetate. pH 6.48. 
The reaction was terminated by acidification with TFA. and the mixture was 
taken to dryness in a Speed Vac evaporator (Savant). 

5 Reversed Phase (RP) HPLC. Tryptic fragments were purified by 

RP-HPLC on a Waters 510 binary gradient system. Samples were applied to 
a 4.6 X 250 mm Vydac C-1 8 column developed with gradients of water and 
acetonltrile containing 0.1% TFA. Details of Individual chromatographic runs are 
pro\nded in the legends to figures. 

10 Amino add ai«aiysis. Samples were performic add oxidized prior 

to amino add analysis. Lyophifized peptide sample (2 nmoO was dissolved in 
50 (li of freshly prepared perforrrdc acid and incutsated for 30 minutes at room 
terrjperature. To remove performic add. the solution was diluted wth 50 of 
HPLC grade wcter and iyophilized. and this was then repeated twice. Samples 

15 were hydrolyzed/n vacuo at 110° for 24 or 48 hours In the gas phase of 6.0 M 
HCI containing 1% phenoL Amino add compositiors were detemnined 
fonowingderivitizationwith PITC (Bidlingmeyeretal.. J. Chromatogr. 336:93-104 
(1984)). 

Manual Edman degradation. The procedure for manual Edman 
20 degradation was essentialiy that described t>y Klemm (IMettiocte In Molecular 
Biology pp. 243-254 (Human Press 1984)). After the n-butyl acetate extraction 
, . step, both the organic and aqueous pfnees were dried under vacuum, 
dissolved In 50 mI of 1-0 ^ HCI and converted to the phenylthiohydantoln 
(PTH) derivatives at 80f^ for 10 minutes. The aqueous phase, containing 
25 peptides liberated by Edman degradation, was subjected to RP-^HPLC. The 

^ organic phase was anaiyyeri hy RP-HPLC (Klemm. supra ) for iden tification of 

the released PTH-amino add. 
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EXAMPLE iV 

Respite 

Proteolytic digestion. The strategy used for establishing tiie 
cysteine pairing in BNBD-12 is summarized schematicaliy in Figure 8. Note that 
5 re^ue numbering is indexed to the longest of the beta-defoisins (Setsted et 
a!., J. Biol. Chem. (submitted)). Inspection of the sequence indicated that 
digestion, of BNBD-12 with tryp^ would yield several proteolytic fragments, 
diaractarization of which woidd permit the alignment of the disidfide bonds. 
To reduce the posstoifity of disulfide shuffling, digestion with tryp^ was 
10 perftmed at pH<6.48. 

Fifteen nmol of BNBD-12 was digested with TPCK-trypsin for 4 
hours, and half of the digest was purified tyy RfMIPLC (Fig. 9). The latest 
eluting peak (ca 80 rmiutes) was detemrtined by its retention time and amino 
acid conpo^on to be undigested BNBD-12. The amino add compositions of 

15 the three tryptic fragmente (PI . T2, and T3) were detemn'med, and allowed for 
their placement within the primary sequence (Fig. 8). The C-tenninal Ser-Trp 
dipeptide (T-1) which eluted at 30 rrunutes was readily identified by its serine 
content on amino add analysis, its Agso absortjance (Fig. 9). and the classical 
tr^ptophanyl UV signature determhed t>y spectral shunning (date not shown; 

20 (EdelhOGh, e/oc^em. 6:1948-1954 (1967)). 

The aunino add composition of fragment TO re\fealed that it 
contained a single pair of disutfide-flnked cysteines (TaiAe 11). Comparison of 
, . tiie amino add content with the primary sequence permitted the as^gnment of 
the Cys**-Cys®' disulfide in BNBD-12 (Fig. 8). Additional confirmation was 

25 obtsdned by analyzing ttie constituent disuKide-linked oligop^tides. . A 6 nmol 
sample of was performic add-oodcfized. and the twoTesulting cysteic add^ 

containing peptides,ri^.0.:j-M]!dTj|/R0.-2) were purified by RP -HPLC (Fig. 

10) and characterized t)y amino add analysis. As summarized in Table II and 
Figure 8, the compositions of T3/P.0.-1 and T^0.-2 were in complete 

30 agreement witii the Cys^*-Cys'' disulfide assignmenL 
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Ammo Acid Cozopositions of T^tic and Edman Degradation Fragments of BNBD-12* 



AmmoAdd 


Residues in P^tides 








T-2 


T3 


T-2/E-1 


T-2/E-2 


T.2/E-3 


T-3/Ba-l 


T-3/Ba.2 


Cya 




3.16(4) 


I.60C2) 


0.830) 


0.800) 




1.010) 


0.71O) 


Asp 






1.16a) 


- ■ 








1.000) 


Oy 






0.94a) 








1-090) 




Ser 


(1) 








a72a) 








Oy 




2.60C2) 


4.20(4) 




1.160) 




2J0(2) 




Aig 




3.01C3) 


1.97(2) 


1.00O) 


1.00O) 


0.97(1) 


1.340J 


L13C1) 


Ihr 






i.2ia) 








0.94(1} 




Pro 




2.910) 


154C2) 




uo9m 


2.04(2) 


a930) 


a79a) 






1.120) 


iJia) 






1.00(1) 


0.84O) 


0.77a) 


Met(0!) 




RD.* 














Ue 






2.18(3) 








1.000) 


2.0SC2) 


Leu 
Phe 




i.oia) 


1.00(1) 




0650) 




1.27(1) 




•ftp 


CD 
















Ly» 






0310) 








a940) 





a) Samples were hydrolyzed for 24 or 48 hrs after perftwmic add ojddarion; nmnbcrs in 
paiatlieneses refer to residues in the BMBD-12 sequence; ficagmcnt nom e n d a t u r e refers to that 
shown in Figure 1. 

b) Only serine detected after hydrolysis; tryptophan was determined spectrophoto^ 
meiiically 

c) ND., Not Detected. 
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The amino add composition of T-2 showed it to be a 16-aniino 
acid oligopeptide containing four cysteic adds (Table II). demonstrating tliat 
this tryptic fragment contained the two remaining disulfides. Comparison of the 
T-2 composition with the BNBD-12 sequence revealed two possible 
5 configurations Gnking the four unassigned cysteines in the peptide chain. The 
two possible structures of thte oligopeptide, endosed by the single-line box in 
Rg. 8, differ only in the di^lfide connectivities of the 4 cysteine r^idues: To 
distinguish i^etween the altemative bonding pattems, it was necessary to deave 
the Cys^-Cys^ peptide bond so that the resulting pair of disulfide-containing 

10 peptides oould be characterized This was achieved fc>y subjecting a 10 nmol 
sanrtple of T2 to a single cyde of manual Edman degradation. After the 
cleavage step and add conver^on to the PTH derivative, the aqueous phase 
of the reaction mixture was separated by RP-HPLC (Fig. 11). Amino add 
analysis revealed that one of the HPLC-purrfied reaction products (T-2/E*2) 

15 contained 1 Cya. 1 Ser, 1 Gly, 1 Arg, 1 Pro, and 1 Ljeu; PTH-Cya was not 
recovered under these conditions. Release of this product indicated that the 
structure of P2 is that shown on the right of the single Bned ix>x in Figure 8. 
If the altemative structure were correct, amino add analysis of T-2/E-2 would 
. reveal 2 rather than 1 arginine. The strudure of T-2 was further confimied 

20 the characterization of the other products of the Edman degradation step, all 
of which had the expects compositions: a) T-2/E-1 contained 1 Arg and 1 
Cys; ttie PTH-Cys was ptit rarovered in amino add analysis; b) T-2/E-3 
contsdned the expected 2 Pro, 1 Va! and 1 Arg; methbnine was destroyed by 
perfonnic add oxidation; c) T-2^-4 was shown to be PTH-Gly on the RP-HPLC 

25 > • system for anal^s of PTH amino adds (Klemm. Id.)\ further, analysis of tlie 
organic phase of the Edman degradation reaction mixture showed that ca. 80% 
of th@ PTH*Gly was extracted into this phase, and no other PTH amino adds 
were detected. A number of minor peaks, eluting between 20 and 50 rhinutes 

— — (Fig^l 1)-had oompo^oris similar -to"^2/E-2.— These probably, represent— 

30 oxidation products generated during the Edman degradation reaction or in 
subsequent sample processing steps. 
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TakBM together, the data presented demonstrate that the cysteine 
connectivities In BNBD-12 are Cys» - Cys» - Cys'^ - Cys" - and Cys* - Cys» 
(Fig. 8). As with other cysteine-rich protein families, the disuHide motif 
described for BNBD-12 is almost certain to be conserved among all of the beta- 
5 defensins. 

EXAMPLE V 

'■' ■ , Bactericidal Activities of Beta-Defensins 

A 1:500 dilution of overnight cultures of £ eoli ML35 and S. 
aufBus 502A yiss incubated with shaking for 2,5 to 3 hours at 37 C in trypticase 

10 soy broth (TSB). The bacteria were cenlrifuged at 10,000 rpm for 1 0 minutes 
at 4 c, washed vwth cold 10 mM sodium phosphate Ixjffer, pH 7.4 and 
resuspended in cold phosphate buffer to a concentration of 1 x lo' cells/nrd. 
Solutior^ of various coicentratiCMis of BNBDs were made up in 1 0 mM socSum 
phosphate buffer. plH 7.4. The bactericidal assay mixture contained 30 /il of the 

15 phosphate buffer. 10 /J (1 x 10^ oelte) of ttie bacterial stock scdution, and 10 ^1 
of peptide givoig final peptide concentrations of 0 to 50 /tg/ml. Incubations 
were carried out at 37 C for 30 minutes, after which a 30 ^1 aliquot was 
removed and diluted 10. 100, and 1000-fold. Duplicate 100 ^1 samples of each 
dilution vrare spread into TSB plates and incutiated for 18 hours at 37 C. 

20 Colonies were counted with the Daricfield Colony Counter (Quebec). 

The accompanying figures shows that 5^ ng/wi of each of four 
representative isete-defensins ware equally effective against S. asjmis, kifling 
, . ca 99.9% of the Input organisms In 30 minutes (Rg. 13). At 50 Mg/ml, the £. 
coll suspensions were ossentlally sterilized, though the potency of BNBD-3 was 
25 the greatest at lower concentrations (Fig. 14). 

_ _^ EXAiyiPLE VI _ ^ 

Fungicidal Activiti^ of Beta-Defensins 
Candida albicans 16820 and Cryptococcus neoformans 271 A 
were grown with shaking for 24 hours or days, respectively, at 37 C in 
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Sabouraud Dextrose Broth (SOB, OIFCO). To otstain micDogarithmic phase 
organisms, 1.0 ml of overnight culture was inoculated into 50 ml of SDB and 
inculcated for 3 hours (C. albicans) or overnight (C. neoformans) with shaking. 
ThB cultures were centrlfuged si. 1 0,000 rpm for 1 0 minutes at 4 C, washed with 
5 cold 10 mM pho^hate txiffer. pH 7.4, and resuspended in cold buffer to a 
concentration of 1 x lO' cells/ml. The fungicidal assay mixture contained 30 1 
of the phosphate buffer, 10 mI (1 x 10^ ceOs) of the fungal stock suspenston, 
and 10 /tl of peptide giving final peptide concentrations of 0 to 50 figlrnl. 
Incubations were carri^ out at 37 C for 60 minutes, after which a 30 Ml aliquot 
10 was removed and dfluted 10, 100, and 1000-fbld. Duplicate 100 mI samples of 
each dilution were spread onto SDB plates and incubated for 18 hours at 37 
C. Plates were incuk>ated for 1 or 2 days at 37 C. Surviving organisms were 
quantitated by colony counting using a Darkfield Cotony Counter (Quebec). 

As shown in the accompanying figures, more than 99.9% of the 
15 C. a/b/canscetewereldIiedin60rTvnuteswith50Mg/mlofBNBD-3. •4and-13 
(Rg. 15). Interestingly. BNBD-11 was completely inactive at these 
concentrations. 

BNBD-3 was the most potent of the four bete-defen^ns against 
C. neofonnans, though BNBD-4 and -1 3 were equally effective at 50 Ml/ml (Fig. 
20 16). By comparison, BNBD-11 was substantially less active. 

EXAMPLEVll 

Antifungal Activities of Beta-Defensins 
Ten ml of warm (42 C) 1% agarose containing 0.03% (wAO 
Sabouraud Dextrose Broth (SDB) was inoculated with 1x10^ midlogarithmic 
25 phase C. algicans 16820 or C. neoformans 271 A, and the seeded agarose was 
immedjatelypoured^intoaS^OT 

formed in the solidified agarose, and 5 mI samples of each peptide (dissolved 
in 0.01% acetic add) were introduced into wells with a micropipettor. The 
concentration of pjeptide varied from 0 to 300 ng/rrL The plates were allowed 
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to incubate for 3 hours at 37 C, after which time they were overiayed with 10 
ml of warm 1% agarose containing 6% SDB. After 24 to 48 hours, zones of 
clearing around each well were measured and plotted as a function of beta- 
defensin concentration. The relative activities of the beta-defenslnsagainst both 
5 fungi are summarized in the accompanying figures (Figs< 17-32). 
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(1) GEXEMl INFOnunON: 

(I) APPUaUIT: SELSTB), HIOMEL E. 

OIUOR, JANES S. 

(if) HTLE OF IHVENTION: iOVa ANTINICRaBIAL PEPTrOES FRON 
lOVINE KBITSaPHILS 

Ciii) iRMBER OF SEQUENCESi 22 

(fv) CORRESPOniEMCE ADOKSS: 

CA) A008ESSEE! ROBBIHS, BERLINES I CARSON 

(B) STRSTi 201 NORTH FIGUERQA STREET 
(C> cm: LOS AKGELES 

(0> STATE: CALIFORMIA 
(E) COUNTRY: USA 
(F> ZIP: 90012 

<v) COMPUTER READABLE FORM: 

CA> »CDIIM TYPE: Floppy disk 

CB) CONPUTERt IBM PC conpatibto 

(C) OPERATXVG STSTEN: PC-OOS/NS-OOS 

(D> SOFTWARE: Patentln Relsne ft.O, Version #1.25 

(Vf) CURRENT APPLICATION OATAt 

(A) APPLICATION NUMERt Kl 
(6) FILING DATE: 
(C) CLASSIFICATION: 

Cvili) ATTORIEY/ASEKT INPORKATIQN: 
(A) NAME: ffiRLIKER, mOCT 
m l£6I8TRAriON MM8ER: 20,121 
(C) REFERBUE/DOCKET mMBBti 55K-20B 

(ix) TELECOWtMlCATION INFOMATIQU: 

(A) TELEPHONE: (213) 977-1001 

(B) TELEFAX: (Z1S) 977-1003 



(2) INFORMATION FOR SEQ ID N0:1: 

{() SBASNCE CHARACTERISTICS: 
(A) LENGTH: 38 mno seids 
€B> TYPE: anino acid 
(0) TDPOLO&T: linasr 

(ff> MCH^CULE TYPEc piptlds 



SEQUENCE DESCRIPTION; SBA ID «h1: 

Phe Ala Ser Cys His Tbr ^ Gly 6ly Ue Cy» Lai Pro Asn Arf 
5 10 15 

Pro Sly HU Nat lie Cln Ua Cly Ila Cya Phe Arg Pro Ars Val * 
20 S 30 

Lyo Cys Cya Arg Ser Trp 

■ 33 

€2) IHFOimATICN FOJt SEQ ID N0:2: 

(1) »UENCE CHARACTERISTICS: 

(A) LENGTH: 40 czrino aefds 

(B) TYPE: flBino scfd 

(DI-TOPOLOCT: linear'^^ 



(xO 

Asp 
1 

Cya 



(H) MOLECULE TYPE: peptida 
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(xf) SEOUEHCE DESCBIPnOM: SEQ ID 110:2: 

Val Arg Asn His Val Thr Cys Arg Ue Asn Arg Gly Phc Cys Val Pro 
1 5 10 15 

lie Arg Cy» Pro Gly Arg Thr Arg filn lie Gly Thr Cys Phe Gly Pro 
20 25 30 

Arg Ue Lys Cys Cys Arg Ser Trp 
35 40 

(2) mFcnttTian for ^ id ho:3: 

I 

<i) SaUEKCE CHARACTERISTICS: 

(A) LENGTH: 42 vino ecids 

(B) TYPE: amfno aeld 
CD) TOPOLOGY: linssr 

Cif> MOLECULE TYPE: peptide 



(x{) ffiOUQICE DESCRIPTtOt: SEQ 10 610:3: 

Glu Gly Vsl Arg Aon His Vsl Thr Cys Arg lie Asn Arg Gly Phe Cys 
1 ; 5 10 15 

Vsl Pro lie Anj Cys Pro Gly Arg Thr Arg Gin Ho Gly Thr Cys Phe 

20 . S : SO 

Gly Pro Arg lie i.ys Cys Cys Arg Ser Trp 
55 40 

(2) INFOnUTIOH FOR SEQ ID N0:4: 

(1) SEQUatCE CRARACTBIISTICS: 
(A) LEtSGTH: &1 ssAno acids 
€B) TYPE: Mino oeld 
(D> TOPOLOGY: linffjr 

(ID KOLECULE TYPE: peptide 



Cxi) SEOOCE DESCRtPTlCH: SEO ID Ci0:4: 

Glu Arg Tal Arg Asn Pro Gin Ser Cys Arg Trp Asn Ptet Gly Val Cya 
1 5 10 ^ ^3 

lie Pre Phe Leu Cys Arg Val Gly Jtet Arg Gin He Gly Thr Cys Phe 
20 25 30 

Gly Pre Arg Val Pre Cyo Cya Arg Arg 
35 40 

(2) IKF0S9UTIC3I PGR ^ ID ^sS: 

(I) »UEKCE CHARACTERISTICS: 

(A) LENGTH: 40 anlno acfds 

(B) TYPE: oDlno acId 
CD) TOPOLOGY: linear 

Cll) KOLECULE TYPE: peptide 

CxI) MUEMCE DESCRIPTICtt: SEO 10 M0:5: ' 



Glu Val Vol Arg Asn Pre Gin Ser Cys Arg Trp Asn Nat Gly Val Cys 
15 10 15 

He Pre He Ser Cys Pre Gly Asn Met Arg Gin He Gly Thr Cys Phe 
20 25 30 
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Gly Pro Arg Val Pro Cys Cys Ars 
35 40 

(2) INFORNATION FOR » ID N0:6: 

({> SEOOCE CHAXACTERISTXCS: 
(A) LBIGTH: 42 aalno acids 
CB) TYPE: mino aefd 
CD) TOPOLOCTs Unsar 

(if) eCL£CUL£ TYPE: ptpcida 



(Xf) S»IE1ICE DESCRIPTION: SEQ KD aS0:6: 

eiu Gly Val Are Aan NU Val Thr Cys Arg lie Tyr Gly Gly Ph3 Cya 
1 5 10 15 

Val Pro Ila Aro Cys Pro Sly Arg Thr Arg Gin lie Gly Thr Cys Phe 
20 35 SO 

Gly Arg Pro Val Lys Cya Cys Arg Arg Trp 
35 40 

C2) IKFORNATIOH FOR SEQ ID K>:7: 

Cf) SeolSRCE CHARACTERISTICS: 

(A) LERGTH: 40 Mrino acids 

(B) TYPE: anino add 
CD) TOPOLOGr; lin 



(if) NQLEOILE TYPE: peptide 



(xi) SeaUEilCE DESCRIPTION: SEQ ID H0:7: 

Glu Gly Val Arg Aan Phe Val Thr Cys Arg He Asn Arg Gly Phe Cys 
1 5 10 15 

Val Pro He Arg Cys Pro Gly fiia Arg Arg Gin He Gly Thr Cys Leu 
20 25 SO 

Gly Pro Arg He Lys Cys cys Aro 
35 40 

(2) IHFORMATIOH FOR 8EG ID 8KI:8: 

CD SEQUaiCE CHARACTERISTICS: 

CA) LBIGTH: S8 airino acids 

CB) Um aairw acid 

CD) TOPOLOGY: linaar 

Cii> MOLECULE TYPE: peptide 



Cxf) ^S^UBICE INSCRIPTION: GEG ID £30:8: 

Val Asn Phe Val Thr Cys Arg He Asn Arg Sly Phe Cys Val Pro 

1 5 '10 15 

Hd Arg Cys Pro Gly His Arg Arg Gin He Gly Thr Cys Leu Gly Pro 
20 » 30 



6ln_He_Ly3-Cy8_CyS-Arg 

35 

C2) IMFORKATIOa FOR SEQ ID m:9s 

({) SEQUEHCE CKARAD^ISIICS: 
CA> LENGTH: 40 anino acids 
CB) TYPE: Ml no acid 
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CD) TOPOLOCr: Urtaar 
(if) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPT80N: SEQ ID N0:9: 

Glu 6ly Val Ara toi Pht Val Thr Cy« Arg Ue ton Arg Gly Ph« Cys 
1 5 10 15 

Val Pro Ue Arg Cys Pro Gly His Arg Arg Gin He Gly Thr Cys Leu 
20 25 30 

Gly Pro Gin lie Lys Cya Cys Arg 
35 40 

(2) INFORMATION PCB) SEQ ID N0:10: 

(!) SEQUENCE CHAKACTERISTtCS: 

(A) LENGTH: 40 amino acids 

(B) TYPES saino acid 
(D) TOPOLDGYs liraor 

(ii> MO-ECULE TYPE: peptide 



(xi> 8EQUENS DESCRIPTION: SEQ 10 N0:10: 

Glu Gly val Arg Ser Tyr Leu Ser Cys Trp Gly Asn Arg Sly He Cys 
1 5 10 15 

Leu Leu Asn Arg Cys Pro Gly Arg Met Arg Gin He Gly Thr Cys Lou 
20 25 30 

Ala Pro Arg Val Lys C)^ Cys Arg 
35 ^ 

(2) INFORMATION FCR SEQ ID N0:11: 

(1) SEQUENCE CHARACTERlSTICSt 
(A) LENGTU: 36 mino aci^ 
€B) TYPE: anfno acid 
€0) TOPOLO&T: Unear 

Cii) MOLECULE TYTC: peptide 



(xi) SneSCE DESCRIPTION: ^ ID N0:11? 

Gly Pro Leu Sar Cys Arg Arg Asn Gly Gly Val Cys He Pro He Arg 
1 5 10 « 

Cys ?ro ely Pro net Arg Gin Us Sly Thr Cya Phe Sly Arg Pro Val 
20 25 30 

Lv3 Cys Cys Arg Ssr Trp 

35 

(2) INFORNATItDt FOR SEQ ID NO: 12: 

(i) ^aUENCE CHARACTERISTICS: 
(A) LENGTH: 38 onino acids 
CB) TYPE: aoino acid 
(D) TOPOLOGY: linttT 



(ii) KQLECUU: TYPE: peptide 



(xi) SEGENCE DESCRIPTION: SEQ ID N0:12: 
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6ly f>ro Leu Ser cyt Gly Are Asn Sly Cly Val Cys U Pre Ue Are 
1 5 10 15 

Cys Pro Vat Pro Met Are 6ln He Gly Thr CyB Phe Gly Arg Pro Val 
20 25 30 

Lys Cys Cys Are Ser Trp 
35 

tZ} IBFQSKATIOi RK Sgn SO VQ$13: 

(i) SEQUEMCE CHARACmiSTICS: 

(A) LEHGTH: 42 antno acids 

(B) TYPE: Mrino add 
(D) TOPCLOGYt linear 

<f{> NOtECULE TYPE: pqvtide 



(xf) SEQUENCE DESCRIPTIGH: SEQ tO MDzIS: 

Ser Gly He Ser Gly Pro Leu Ser Gly Are Acn Gly Gly Val Cys 
t 5 10 15 

Ila Pro lie Are Cys Pro Val Pro Clat Are Gin lie Gly Thr Cys Phe 
20 30 

Gly Are Pro Val Lys Cys Cys Are Ser Trp 
35 40 

(2) INFOKNATION FOR SEQ ID »0: 14: 

(f) SEQUEMCE CMaACTsrtsncs: 
CA) LEaCTH! 33 arino acids 
(B> TYPEt «1no acid 
(D) TOPOLOGY: linear 

(if) MOLECULE TYPE: peptide 

(1x) FEAYU2E: 

(A> HAME/KEY: Peptide 
(B) LOCATIOM: 1 

CO) OTHER ISFGRKHTtaa: /notxF' "YoSer or Thr" 

(ix> FEAYiaS: 

CA) NANE/KEYt Peptide 

CB) UOCATION: one-ofCS, 4, 17, IB, 28) 

CD) OTBEK IBF0OUTI03I: /notea °X » ANY MIRO ACIO" 

Clx) FEAYURE: 

CA) NAME/KEY: Peptide 

CB) LOCATIOR: crm^iB^ 10, 2P) 

CD) OTHER IQFORMATIOMs /notaa ■ Lou, He, Vol, or Phe* 

Clx) FEATUS: 

CA) MANE/KEY: Peptide 
C8) LOCAYION: 27 

JO) OTHER tSFORMATION: /£?r5te« o Pro or Are* 
Cxi) SEQUENCE OESCRIPTICSI: SEQ ID N0:t4: 

Yyr Cys Xaa Xoa Asn )(Ki Gly His Cys His Pro He Are Cys Pro Gly 
1 5 10 15 



Xaa XoB Are Gin tls Gly Thr Cys His Gly Glx Xaa His Lys Cys Cys 
20 25 30 

Are 
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(2) KtraBuricat for « id roms: 

(i) SaUEStCE OlARACTERISnCS: 

(A) LENSTH: SB cnino Kids 

(B) TYPE: BRino acid 
(0) TOPOUXnrs linear 

(ft) mJECXHM TYPE: peptide 



(xO SEQUENCE DESCRIPTION: SEQ ID N0:15: 

Asn Pro Val Scr Cy» Vel Ar» Asn Lys Sly lie Cy» Val Pro He Ar« 
1 5 10 15 

Cys Pro Gly Ser Net Lys ein He Cly Thr Cys Val Gly Arj Ala Val 
20 25 30 

Lys Cys Cys Arg Lys Ly3 
55 

(2) INFOmnCBi rat SEQ ID NO: 16; 

Ci> SeoUENCE CHASACTBtlSTICSt 
(A> LENGTH: 38 aBino acids 
(B> TYPE: anlno acid 
(D) TaPQL96T: Ifnacr 



(1I> ROLECULE TYPE: peptide 



(xl) SEQUENCE DESCRIPTION: SEQ ID N0:16: 

Gly Pro Leu Ser Cys Gly Arg Asn Gly Gly Val Cys lie Pro He Am 
1 5 10 15 

Cy3 Pro Val Pro Net Arg Gin He Gly Thr Cys Phe Gly Arg Pro Val 
20 S 30 

Lys Cys Cys Arg ser Tr;9 
35 

C2) IHFCamATION TO SEQ ID 80:17: 

(i) KQUENCE CHARACraiSTICSt 
(A) LENGTH: 11 vslrto acids 
CB) TYPE: anim aci(3 
(D> TOPOLOGY: linear 

Cfl> nOLECULE TYPE: p^lda 



Cxl> SEQUENCE {^SCRIPTIOH: SEQ ID nO:17: 

GlH He Gly Thr Cys ^8 Gly Ars Pro Val Lys 
1 5 10 

C2) lUFORKATICa ?Cat SEQ ID H0:18: 

(i> SEQIENLE CHARACTEStSTtCS: 

(A) LENGTH: 9 aalno C2Clds 
CB > TYP E; atal no ac id 

(D) TOPOLOGY: lineu- 



(if) MOLECULE TYPE: peptide 
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(xf) SGQUESCE DESCKIPTUM: SES ID 110:18: 

Asn Qly Gly Vel Cys lie Pro lie Aro 
15 

(2) IMFCmATlOll FOR SEQ ID IK):19: 

(f) SEOUEItCE CHMUCTERISTICS: 
<A) IBCTH; 5 wino aeititB 
C6| iT»%: wno acid 
CO) TOPOLOGT: linear 

(if) MOLECULE TYPE: peptide 



(Xl> SCQUBICE DESOtlPTION: SEQ ID 110:19: 

Pro Val Pro Net Ars 
1 5 

C2) mraRNATlON FOR SEO ID K>:20: 

(1) SeQUEKCE CHARACTERISTICS: 
(A) LEHCTHt 4 enlno acids 
CB) TYPE: Mine arid 
CD) TOPOUXlYs lirmr 



Cfi> MOLECULE TTPEt peptide 



(xi> SEQUEKCE DESCRIPTION: SEQ ID 110:20: 

Pro Thr Hie 6ly 
1 

C2) INFORMATION FOR SEQ ID H0:21: 

CO SEQUENCE CHARACTERISTICS: 

CA) LENGTH: 36 enino acids 

CB) TYPE: enino acid 
CD) TOPOLOGY: linear 

Cif> MOLECULE TYPE: peptide 



Cix> FEATIOE: 

CA) NAIE/KEY: PepHde 

CB) LOCATION: one-ofCl, 2, 3. 6, 7, 9, 11, IS, 20, 21, 28, 31, 

52) 

CD) mmt INFaWATIIMt /nstff' »X » Any Aaino Acitf" 

Cix) FEATURE: 

CA) NAHE/KET: Peptide 

CB) LOCATION: 4 

CD) OTHER INFSBNATIONt /notea "Y • Ser or Thr" 

Cix) 7EATURE: 

CA) NANE/KEY: Peptide 

CB) LOCATIONS 30 

CD) artSSL INFORMATION: /noto» "2 « Pro or Artf" 



Cxi) SEQUENCE DESCRIPTION: SEQ ID 90:21: 

— Xea tee Kaa Tyr Cys Xae Xaa Asn Xae-6ly-Xaa Cya Xao-Pro-I le Aro^ 
1 5 .10 15 



eye Pro Cly Kea Keo Arg Gin He Gly Thr Cye Xoe Gly Glx Xee Xae 
20 S 50 

Lye Cys Cys Arg 
35 
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(2) IIFOVUTtW FOR SeQ ID NOs22: 

(f) SeoUENCE OURACTERESTICS: 

(A) LEHGTH: 31 anino acids 

(B) Tm: mino acid 
€D) TOPOLOGY: lfne»- 

(ii) NOLEOIU TYPEx peptide 



(U) FEATURE: 

(A) MKE/HEY: Peptide 

<B> LOCATION: one-af<l, Z, 4. 6, 7, 8, 9, tl, 12, 13, U, 16, 

17. 19, 21, 22, 23, 24, 25, 26, 27, 28, 29) 
CD) OTBES INFQRHATION: /note> "X » ANY ANIHO ACID" 



(xf) SEQUENCE DESCRIPTION: SEQ ID K0&22: 

Xea Xea Cys Xee Cys Xoa Xee Xae Xea eye Xaa Xaa Xn Nfia Arg Xee 
1 5 10 15 

Xea Gly Xaa Cys Xu Xea Xee Xoe XM Xce XM Xm Xn Cys Cy* 

20 » 30 
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